Extracellular pH is under circadian control in Gonyaulax polyedra and forms a metabolic feedback loop.
This study investigates the relationship between the circadian clock and metabolism based on recordings of the extracellular pH in cultures of the marine dinoflagellate, Gonyaulax polyedra. In light-dark cycles, pH of the medium rises during the light phase and declines in the dark. The amplitude of this pH-rhythm correlates with light intensity, indicating photosynthesis (and respiration) as the driving force. The recorded extracellular pH changes probably reflect the need to control intracellular pH in spite of pH-modifying reactions. The daily pH-changes are under control of the circadian clock because they continue to oscillate with a circa-24 h period in constant light, albeit with a smaller amplitude. Similar to other circadian output rhythms, the pH rhythm depends (amplitude and phase) on nitrate levels in the medium. Both the bioluminescence and the pH rhythm can also be shifted by extracellular pH-changes although Gonyaulax is rarely exposed to significant pH changes in its marine ecosystems (except for highly dense algal blooms). Because intracellular proton levels are both affecting circadian input and output they form a feedback loop with the Gonyaulax circadian system indicating complex interactions between metabolism and the circadian clock.